Many people face accessibility barriers when interacting with robots, mainly people who do not usually interact with new technologies, elderly people and users with disabilities. Current laws, standards and guidelines protect the right of the users interacting with computers, however, they are not specific for human-robot interaction and they have not considered the special characteristics of robots. This paper is focused on the accessibility requirements of tactile displays integrated into service robots. An extensive study and comparison of the main accessibility guidelines, standards and recommendations is conducted. Moreover, a first draft of guideline for tactile displays in HRI is proposed.
Introduction
Human Computer Interaction (HCI) is a field of a study focusing on the design of computer technology and interaction between users and computer [1] , while Human Robot Interaction (HRI) is a field of study focused on analyzing, designing, modeling, implementing and evaluating robots that are dedicated to serve humans in several aspects such as domestic tasks, entertainment, elderly and handicap assistance, etc. [2] . Nowadays, there are different accessibility guidelines, standards and recommendations in HCI which help designers and developers to implement accessible products for all users, nevertheless of their capabilities or abilities. However, there are not specific standards, guidelines or recommendations for HRI, considering the special interaction characteristics of the robots. This paper presents an in-depth study of three of the main accessibility guidelines and standards of HCI. Then, based on this study, a specific accessibility recommendation for tactile displays in HRI is proposed. Section 2 summarizes related works, Sect. 3 clarify the methodology, Sect. 4 presents a comparative study of main accessibility guidelines and proposal, while Sect. 5 presents conclusions and further research.
Related Works

Accessibility Laws, Standards and Guidelines for HCI
The necessity to ensure accessibility to all users with different abilities and needs has motivated countries to make laws and decisions. Web Accessibility Initiative (WAI) is continuously updating different guidelines for several web components to improve web accessibility, as the WCAG v2.0 guideline [3] , BBC Accessibility Standards and Guidelines, as the BBC guideline [4] and Funka Nu Mobile guidelines [5] . All these laws, standards and guidelines are necessary for designing and developing accessible software products (websites, web applications, mobile applications, etc.). However, none of the available guidelines and standards covers all HRI accessibility aspects.
Accessibility Barriers in Using Robots
Many researchers study the robots' usability, social acceptance, societal impact or even if the user experience is positive or not. For instance, Yanco et al. research work [6] and USUS evaluation framework [7] provide a basis for research in HRI, addressing multiple research areas like HCI, CSCW (Computer Supported Cooperative Work), and SS (Social Sciences) to offer a holistic picture of research aspects of HRI. However, none of these frameworks considers the interaction accessibility as a central and a necessary feature to be treated in this kind for systems.
Methodology
To integrate users' needs and expectations from early robot-system design phases, a User-Centered approach [8] is followed. The process and methods followed in the research study are explained next:
1.
A study of the main accessibility standards, guidelines and recommendations for web sites, web applications and software applications was conducted. None of them can be completely applied to HRI, due to the differences in physical components and application areas between HRI and HCI. But the similarity in displays components of robots and web sites, web applications and software applications allows to integrate them to form a proposal for accessibility guideline in HRI.
A study of the main interaction characteristics of tactile displays in HRI was
conducted, based on the literature review and the authors' experience. 3. Selection of the accessibility standards and guidelines to compare. The authors have chosen three of the main accessibility guidelines in HCI: WCAG v2.0, Funka Nu and BBC, to be studied as the basis for the new proposal. 4. Analysis of the documentation according to the characteristics of tactile displays in HRI. The guidelines requirements were carefully studied to check if they apply or not to tactile displays for HRI. 5. Analysis of guidelines' overlapping. The intersected requirements were combined. 6. Requirements Classification, based on WCAG v2.0 classification: perception, understanding and interaction.
Comparative Study of Main Accessibility Guidelines and Proposal
Implementing accessibility guidelines is a complex task and it may require a set of precise processes. In W3C they standardize the web technology accessibility based on the consensus of the membership, team, and public, and the technical report development process [9] . In this study, a first draft of 51 applicable requirements is proposed, as a first step to get a complete guideline. More details and the whole draft is published in Malakqbilat.com web page. It is classified into three categories:
-Perception: related to interface component and appearance, interface structure and assistive technology. The three guidelines were compared to each other. The main conclusions are: 
Conclusions and Further Research
There are many accessibility guidelines, standards and recommendations which are related to HCI. However, there is no specific one for HRI. This paper proposes a first draft proposal of guideline for tactile displays in HRI. A scientific methodology was followed to conduct a comparative study on WCAG v2.0, Funka Nu and BBC guidelines. Currently, the authors are working on evaluating the proposal by involving real users with functional diversity. CLARC robot [10] is a social robot where it's going to be evaluated.
